Abstract. Two new modified sandblasted and acid etched (SLA) surface methods had been used on commercially pure Ti (Cp-Ti) surface. Scanning electron microscopy investigation showed that modified SLA surfaces had micro-and nano-structure surface topography. Contact angle test showed that surface hydrophilicity was significantly increased after modified SLA surface modification. Human osteoblast-like MG63 cell attachment test showed that modified SLA surfaces would attach more cells than simple SLA surface. The alkaline phosphatase (ALP) activity assay indicated that ALP activity was enhanced on two modified SLA surfaces relative to SLA and mechanically polished Cp-Ti surface at early stage. Thus, subsequent chemical modification of SLA surface seems to be a promising method to generate better bioactive surface properties.
Introduction
Altering the surface topography of titanium implants has been seen as a method for hastening the bone healing process. Sandblasted and acid etched (SLA) titanium surface is a popular surface, which has application in clinical for many years [1] . Based on experimental results and clinical studies, SLA implants need at least 6 weeks before initiating to load [2] . However, dental implant therapy desires earlier loading and better osseointegration. The improvement of the SLA surface bioactivity is desired in order to reduce the healing and loading time.
Alkaline and heat treatment can create a hydrophilic surface and good bioactivity with nanorodlike structure [3] . The treatment of titanium by acid etching and subsequently in NaOH is a suitable method for providing the metal implant with bone-bonding ability [4] . H 2 O 2 /HCl heat treatment have been proved to enhance the bioactivity of titanium and its alloy, this study introduce these two methods to improve the bioactivity of SLA surface.
Experimental
(1) Materials; Commercially pure titanium (Cp-Ti) disks with diameters 15mm and 1.5mm thickness were polished with 800# SiC sand paper, and then sandblasted with 200~500µm corundum and acid etched in 67% HCl/H 2 SO 4 (1:1) at 80 °C to get the well-known SLA surface. Subsequently, SLA surface was processed with two further chemical modification methods alternatively: alkali and heat treatment SLA surface (A-SLA) and H 2 O 2 /HCl and heat treatment (H-SLA). A-SLA was performed by 5M NaOH at 150 °C for 4 hours and followed heat treatment at 600 °C for 1 hour. H-SLA was processed in 30% H 2 O 2 and 0.1M HCl solution at 80 °C for 20 minutes and followed heat treatment at 400 °C for 1 hour. The discs were cleaned with 15 min sonication cycles in acetone, ethanol and demineralized water, and then dried at 80 °C over night.
The titanium discs were sterilized with 75% ethanol and rinsed with phosphate buffer saline (PBS) solution for 3 times before cell culture.
(2) Surface characterization; The different surfaces topography and chemical composition were characterized by scanning electron microscope (ESEM, AMRAY 1-1910FE). Surface wettability was tested by contact angle (Dataphysics Instrument) in quintuplicate. A 2µl droplet of pure water was suspended from the tip of a microliter syringe supported above the sample stage. The image of the droplet was captured and the contact angle was measured using OCA20 drop shape analysis program (Dataphysics Instrument).
(3) Cell culture; Osteoblast-like cell line MG63(CRL1427,ATCC,USA) were cultured in MEM medium (Invitrogen) supplemented with 10% of fetal calf serum and 1% penicillin/streptomycin at 37 °C in a humidified atmosphere of 5% CO 2 in air. The complete medium was replaced every 2-3 days and confluent cells were subcultured by trypsin/EDTA（Invitrogen). After cell counting, MG63 were seeded and cultured on Cp-Ti, SLA , A-SLA and H-SLA and in the absence of material (plastic) in 24-well culture plates at a density of 20, 000 cells/well for cell morphology, proliferation and differentiation study. The culture medium was refreshed every 2 days. Each experiment was performed in quadruple for each group and repeated twice.
(4) Cell morphology; After 4 hours and 3 days, media were removed and specimens were fixed with 2.5% glutaraldehyde in PBS for 60 min at room temperature. After dehydration in graded alcohols, samples were sputter coated with gold in Precision Etching Coating System (Model 682, Gantan). Finally, cell morphology was investigated by SEM observation. (5) Cell attachment and Cell proliferation; Initial attachment of cells was evaluated by measuring the quantity of the cells attached to titanium substrates at a high seeding density of 10 5 cells/well. After 4 h and 24 h of incubation, cells were rinsed with PBS for 3 times to remove unattached cells then 500ìl fresh cell culture media was added. Cell proliferation testing was performed at 3, 7 and 14 days. The quantity of the cells were measured by using MTS (Promega) based colorimetry assay. The culture was incubated at 37 °C for 4 h with 100ìl MTS reagent added to the media. The amount of formazan product was measured using an ELISA reader at 490 nm (Model 680, Bio-Rad).
(6) Alkaline phosphatase activity; For colorimetry, the culture was rinsed with PBS three times and added 400µl 10 mM (PH=10.2) p-nitrophenylphosphate (Amresco) containing 2 mM MgCl 2 . After incubated at 37 °C for 60min，100µl 1M NaOH stop solution was added. The ALP activity was evaluated as the amount of nitrophenol released through the enzymatic reaction and measured at 405 nm wavelength using a ELISA reader. The ALP activity is expressed in nmol of pnitrophenol (PNP) produced per minutes per well. Fig. 1(a)-(b) show the smooth surface topography of Cp-Ti surface polished up to 800# SiC sand paper. Fig.1(c)-(d) present the SLA surface featured with macropits >10 µm in diameter and micropits about 1-2 µm in diameter. The A-SLA and H-SLA surface have micro-structured and nano-structured surface topography, as revealed by Fig.1(e)-(h) . It can be seen that A-SLA has a nanorod like surface topography at high magnification and many cracks at low magnification which may due to the heat treatment process. Nanopore like topographic characterization can be seen at high magnification of H-SLA surface which has a similar topography with SLA surface at low magnification. Fig. 2 are the SEM micrographs showing MG63 cell morphology after 4 hours and 3days of culture on different titanium surfaces, and it can be shown that SLA and modified SLA surface provide better cell attachment than Cp-Ti surface at early stage. All surface shows good cell morphology after 3 days culture. The MG63 cells on Cp-Ti surface shows elongated and flattened morphology, whereas the MG63 cells on SLA and modified SLA surface show rounded morphology. The MG63 cells exhibited more cytoplasmic extensions on modified SLA surface than them on the SLA and Cp-Ti surface. Fig. 3(a) presents the contact angle of water on four titanium surfaces, and it can be seen that A-SLA and H-SLA surface shows super hydrophilic properties with the water contact angle nearly zero while the SLA surface has the most hydrophobic properties. Fig.3(b) is the cell attachment test results which demonstrate that A-SLA and H-SLA surface is suitable for cell attachment at early stage. As reported by Gao et al. [5] , wettability and surface energy are key parameters in the adhesion and spreading of osteoblastic cells. Fig.3(a)-(b) suggested that increased cell attachment observed on modified SLA surfaces is due to stimulatory effects of high surface wettability.
Results and discussion
After cultured on the titanium surfaces for 3, 7and 14 days, the MTS activity of osteoblastic-like cells was measured and normalized to cell culture plastic (control). The cell proliferation results were shown in Fgi.3(c) and it indicated that all surfaces have good cytocompatibility with a proliferation ratio over 80% of control at all culture time. The H-SLA surface has a significant higher proliferation ratio than SLA surface while A-SLA surface has little higher proliferation ratio at 7 and 14 days. Thus, modified SLA surface increased the cell attachment and proliferation ratio. Fig. 3(d) demonstrates the ALP activity of four titanium surface at different culture time 3, 7 and 14days. In this study, MG63 cells have greater ALP activity at early culture time (3 and 7 days) for the A-SLA and H-SLA while there is no significant difference of ALP activity at 14 days of culture. A-SLA surface got the highest ALP activity at early stage. Cell proliferation, differentiation, protein synthesis and local factor production are significantly influenced by surface roughness and composition on which MG63 cells are cultured [6] .The early osteoblast-like cell differentiation on modified SLA surfaces may be favorable for early bone healing and osseointegration. 
Conclusions
Modified SLA titanium surface had micro-and nano-structure surface topography. Increased wettability of modified SLA surface got higher cell attachment and proliferation ratio of MG63 cells. Modified SLA surfaces have higher ALP activity at early stage than SLA and Cp-Ti surface. H-SLA surface may favorable for cell proliferation and A-SLA surface may favorable for cell differentiation at early stage. In all, modified SLA surface seems to be a promising method to generate better bioactive surface properties than traditional SLA surface.
